The relationship between food avoidance during infancy and the growth of Japanese infants in a community health setting has not been well evaluated. In order to assess the growth of infants who avoided either of the three major allergen foods in Japan, eggs, milk or wheat, we employed the results of 4 physical checkups recorded in maternity passbooks and administrated a questionnaire on allergic diseases, height and weight at birth to the guardians of 1,132 infants at the age of 3.5 years. Data was obtained from 890 subjects (78.6% %) and 662 subjects (58.5% %) who met the inclusion criteria were analyzed. The height, weight and body mass index percentile scores of each subject were calculated. Subjects who avoided either of the three foods at 3.5 years had lower weight percentile scores at 1.5 years, lower height and weight percentile scores at 3.5 years, and lower weight growth rates, compared with the subjects who did not avoid any of the three foods at 3.5 years (P =0.02, 0.03, 0.03, 0.01). The results suggested that there was a negative relationship between physique and food avoidance in infants, and that physical and nutritional assessments are important for food avoiders. J. Med. Invest. 62 : 62-67, February, 2015
INTRODUCTION
Recently, the prevalence of food allergies has been increasing among Japanese children (1, 2) . The estimated prevalence of food allergies in Japan is 5 -10% among infants and 1 -2% among schoolchildren (3) , and the prevalence of food allergies is higher among children than it is in adults (4) . It is generally considered that the avoidance of the relevant food allergens is the most important factor in regard to effective management of food allergies.
Atopic dermatitis (AD) is an inflammatory, chronic relapsing dermatitis. In Japan, the average national prevalence of AD was 13.2% in 3 -year -old children (5) . Although the pathogenesis of AD is still unknown, it is considered a multifactorial disease triggered by the interaction of genetic and environmental factors (food, airborne allergens, and infectious agents) (6) . Fiocchi et al. (7) reported that diagnostic evaluation of food allergies should be performed in all children with AD, particularly in younger children and those with severe forms of the disease. The results of several previous studies (8 -10) have shown that the symptoms of AD improved when specific food allergens were eliminated from the patient's diet. Therapeutic elimination diets have been shown to reduce the symptoms of food allergies and AD (4, 11) , but they also could be responsible for nutrient deficiencies and failure to thrive (12) , especially when a significant number of foods were avoided. The results of several studies (13 -15) suggested that food avoidance in children with food allergy disturbed growth. These previous studies (14, 15) were mainly cross-sectional, and only one longitudinal study (13) was conducted.
In the United States, food allergies usually occur in infancy as an immediate -type allergy to eggs, milk, peanuts or soy (16) . Previous studies (13 -15) were performed mainly in Europe and the U.S. in clinical settings. In Japan, three major foods (eggs, milk and wheat) have been shown to be frequent allergens for immediate -type allergic reactions in infancy (17) . In a school health setting, Mukaida et al. (18) reported that food avoiders with allergic disease in infancy had a significantly lower weight at school age, compared with non-food avoiders, in a study adjusted for several confounding factors, such as age, sex, birth order, birth weight, and so on. No research has been conducted on the relationship between food avoidance and physique in Japanese infants in a community health setting.
In the Japanese maternal and child health system, physical checkups for children are conducted at the ages of 4 months, 10 months, 1.5 years and 3.5 years old. At that time, medical staff measure the height and weight of the infant according to a standard technique. The infant's height, weight and measurement date are recorded in maternity passbooks. Thus, the guardians can check their infant's physique on the growth curve in their maternity passbooks by themselves.
In order to perform proper food avoidance, an evaluation of the children's physique during food avoidance is very important. The aim of this study was to assess the rates of Japanese infants who avoided food and the growth of infants who avoided food during infancy (age 4 months to 3.5 years) from maternity passbooks in a community health setting, especially concerning the three major allergen foods, eggs, milk and wheat. Figure 1 shows the outline of our study design. This was a retrospective longitudinal study. From December 2010 through March 2012, the subjects of this study were selected from 1,132 infants (age 3.5 years) who participated in physical checkups at regional
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Examination methods
The questionnaire included the infant's birth year and month, sex, items related to the avoidance of eggs, milk and wheat and the related reason, time period and level. On the questionnaire, the guardians were asked to indicate the reason for the food avoidance from the following items : Immediate allergic symptoms, such as skin or respiratory symptoms within 1 to 2 hours after ingesting that food, positive allergic test results but the food was never eaten, positive allergic test results but no problem after eating that food, or other reasons. We included a question about whether or not the subject had ever been diagnosed for allergic diseases, including bronchial asthma, atopic dermatitis, allergic rhinitis, allergic conjunctivitis, food allergy, or no allergic disease. In the questionnaire, the guardians were asked to indicate the height, weight and measurement date of their infant according to the records of maternity passbooks. The participants were asked to indicate their lactation methods during infancy from the following categories : mainly breastfeeding, breastfeeding and formula milk, or mainly formula milk.
Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Based on the data, age, sex adjusted height, weight and BMI percentiles were calculated according to the Children's Health Management Program, Murata et al. Tokyo, Japan (19) . It is well known that the distributions of the height or the weight are different by sex. Moreover, the age of each subject at the physical checkups was not exactly the same. Therefore, we used a percentile score for comparing the physical anthropometric data between the infant's statuses. The height and weight growth rates were calculated using the data at 1.5 years, subtracting the data at 4 months, divided by the data at 4 months, and multiplying by 100. In the same way, the height and weight growth rates were calculated using the data at 3.5 years, subtracting the data at 1.5 years, divided by the data at 1.5 months, and multiplying by 100.
Subgroups of the subjects
The CA group was defined as subjects who continued food avoidance of either eggs, milk or wheat at 3.5 years. The NA group was defined as subjects who were not avoiding eggs, milk or wheat at 3.5 years. This group contained both subjects who had never avoided any of the three foods and those who terminated the avoidance.
Statistical Analyses
We summarized the quantitative data into median and quartile values. The medians of continuous variables were compared using the Mann-Whitney U-test (for 2 groups) and the Kruskal-Wallis test (for 4 groups). The Chi-square test was used for proportional comparisons. Missing values were excluded in each analysis. The significance level employed was P< 0.05. Statistical analyses were performed by using the software package SPSS version 22.0 (U.S., IBM Corporation, 2013).
RESULTS
A total of 662 subjects (315 boys, 347 girls) were selected for analysis. Table 1 shows the characteristics of the children compared by sex. Among the subjects, 25 infants (3.8%, Boys 4.4%, Girls 3.2%) avoided at least one of the three foods at 3.5 years. There was no significant difference shown in the number of food avoiders, when compared by sex. There were 128 subjects who had been diagnosed for an allergic disease, including bronchial asthma, atopic dermatitis, allergic rhinitis, allergic conjunctivitis and food allergy. The number of those who had been diagnosed with allergic diseases was higher in boys (n= 71, 22.5%) than in girls (n= 57, 16.4%) (P= 0.05). The number of those who had been diagnosed with allergic rhinitis was significantly higher in boys than in girls (P= 0.03). There were no other significant differences shown in the feeding during infancy or at the start of baby food feeding, compared by sex. Table 2 shows the height, weight and BMI percentile score at 3.5 years, compared by the infant's birth status and allergic diseases. Lower height and weight percentile scores (P=0.03, 0.03) were shown in the food avoiders, in the 3.5 years group. Lower Figure 1 . Study design and subjects
The CA group was defined as those who continued the avoidance of either eggs, milk or wheat at 3.5 years. The NA group was defined as subjects who had never avoided either eggs, milk or wheat, or who terminated the avoidance of either eggs, milk or wheat at 3.5 years.
BMI percentile scores (P=0.05) were shown in the food allergy group.
In the CA group, the number of subjects who avoided eggs, milk or wheat at 3.5 years were 22 (88%), 8 (32%) and 3 (12%), respectively. Five infants avoided eggs and milk, and one infant avoided eggs and wheat. One infant avoided eggs, milk and wheat at 3.5 years. The percentages of subjects who responded with the reason for food avoidance at 3.5 years as immediate allergic symptoms for eggs, milk and wheat were 13 (59%), 6 (75%), and 3 (100%), respectively. Table 3 shows gestational weeks, birth weight and physical percentile scores at the four physical checkups in the CA and NA groups. There were no significant differences in gestational weeks, birth weight or physical percentile scores at the 4-and 10-months checkups, when comparing the CA and the NA groups. There were significant differences in the weight and BMI percentile score at the 1.5 years checkup (P=0.02, 0.04), showing lower scores for the CA group, compared with those for the NA group. In the CA group, the weight growth rate at 1.5 years and the height growth rate at 3.5 years were significantly lower than that of the NA group (P= 0.01, 0.03). No significant differences were shown in the height growth rate at 1.5 years and the weight growth rate at 3.5 years between the two groups.
DISCUSSION
In this study, we focused on the relationship between the avoidance of the three major allergen foods (eggs, milk and wheat) and the growth of Japanese children. Our results revealed that the food (egg, milk and wheat) avoidance rate in the community at 3.5 years was 3.8%. In a study of guardians of elementary school children, Mukaida et al. (18) reported that the rates of food avoidance were 1.5% at 3 years, and 0.52% at 6 years. Thus, the rate of food avoidance in our study was higher than that reported in that previous study. For the current food avoidance group at 3.5 years, our results showed that the weight and BMI percentile at 1.5 years were lower, the height and weight percentiles at 3.5 years were lower, the weight growth rate at 1.5 years was lower, and the height growth rate at 3.5 years was lower than that in the never avoided or terminated food avoidance groups. The published studies that reported a relationship between a food elimination diet and physique at infants were as follows. Flammarion et al. (14) reported that 4.7 years-old children who avoided three or more foods due to allergies were smaller and lighter in height and weight than those who avoided one or two foods. Christie et al. (15) reported that a large number of 3.7 years-old children with two or more food allergies were categorized as less than the 25 th percentile height-for-age compared with children with one food allergy. In our study, at 1.5 years-old, the subjects in the CA group were already lighter in weight, compared with the NA group. Food avoidance might effect weight growth earlier than height growth, because the delay of weight growth we observed first appeared at 1.5 year, while the delay of height growth was not observed until 3.5 years. Previous studies were clinical setting, cross-sectional studies, while our study was a community setting, retrospective longitudinal study. Until our study, no survey had been conducted on the physique and food avoidance in a community setting, targeting Japanese infants.
Only a few studies have looked at the effect of a food avoidance on nutrient intake and growth. Flammarion et al. (14) reported that children with food allergy had weight and height values significantly lower than controls, and that energy, protein and calcium intakes were similar among the food allergy and control groups. One possible explanation could be the loss of nutrients caused by continuous allergic inflammation and abnormal intestinal permeability despite the eviction diet (14) . Christie et al. (15) reported that children with two or more food allergies were shorter than those with one food allergy. In addition, children with cow's milk allergy or two or more food allergies consumed dietary calcium less than the recommended amount, compared with children without cow's milk allergy and/or one food allergy. Tiainen et al. (20) reported that the height-for-age ratio was lower in children with cow's milk allergy, compared with healthy children, and that the The CA group was defined as those who continued the avoidance of either eggs, milk or wheat at 3.5 years.
The NA group was defined as subjects who had never avoided either eggs, milk or wheat, or who terminated the avoidance of either eggs, milk or wheat at 3.5 years.
protein intake shown by the allergic children was lower than that of the healthy children. Thus, the relationship between nutrient intake and food avoidance and infant physique varied. In our study, we didn't carry out a nutritional survey. Therefore, the nutrient intake of the CA group was not clear. The results of our study suggested that the observed growth retardation was due to food avoidance. Therefore, we consider that is important that nutritional and growth assessment be conducted for food avoiders, along with nutritional counseling for guardians of food avoiders. The World Allergy Organization (WAO) (21) , the United States National Institute of Allergy and Infectious Disease (NIAID) (22, 23) and the United Kingdom's National Institute for Health and Clinical Excellence have issued guidelines for the diagnosis and management of food allergies ; each independently recommending nutrition therapy or consultation with a dietitian (21) (22) (23) . In Japan, childhood food allergy disease was added to the list of target diseases for nutrition counseling fees covered by the national health insurance system in 2006.
The guidelines for Food Allergy in Japan (1) recommended that the food allergen should be identified based on a correct diagnosis and the elimination diet should be kept to the minimum required level. Furthermore, the growth and development of children must be assessed by measurement of weight and height conducted over time and by drawing growth graphs in maternity passbooks. The results of our research indicated the importance of physical assessments of infants who avoid food by both parents and doctors. In addition, periodical checkups for tolerance to foods that infants tend to outgrow are necessary (3) .
To the best of our knowledge, this is the first study conducted in a community health setting that examined the influence of food avoidance on growth from infancy through childhood in Japanese children. One strength of our study is that it investigated the changes demonstrated over time, based on the growth of 662 children (58.5% of the total subjects), based on data recorded in maternity passbooks. The consultation rate for the physical checkups and the consent rate of the study were high. Food allergies were common in this study. However, there is insufficient data on the rate of infants who conduct food avoidance at the community level. There is only a small number of studies in the literature on the effects of food avoidance on the growth of young children, including the avoidance of eggs and wheat. Previous studies on food avoidance in children were mostly related only to cow's milk (13, (24) (25) (26) . The subject of food avoidance differs depending on the country. The research performed in this study, on the three major foods avoided by Japanese infants and children, will contribute to the knowledge necessary to prevent growth inhibition in infants who avoid food in Japan.
The main limitations of this study were as followings. We only assessed the physique of the infants, and we could not conduct any nutritional assessments for the subjects. In the future, it will be necessary to conduct adequate nutritional counseling or intervention for food avoiders and assess these efforts through a prospective study. This study was a questionnaire survey carried out in a local region. We did not examine all of the factors that could have affected the physique of the infants studied, such as perinatal diseases, chronic infant diseases, or the physique of the infant's parents. Diseases experienced during pregnancy, such as placenta previa, pregnancy -induced hypertension or diabetes, can affect the timing of birth and birth weight. However, in this study, the effects of these diseases on the infant physique might be less than normally expected, because we only analyzed infants those who were born at full term. According to the registration data for the "pediatric chronic specific disease treatment research project," the registration rates of short stature due to growth hormone deficiency and congenital heart disease was 3.8%, but we considered that this factor would not influence the results of this study in a community setting. Among the CA and the NA groups, there was no significant difference in birth weight, and therefore, the possibility that there was a high difference in the physique of the parents was low. The small sample size was also a limitation. The number of guardians who did not agree to the survey and the number of infants who did not met the analysis criteria were both higher than expected.
Food avoidance is the main therapy for children with food allergies. The results of this study suggested that food avoidance has suppressive effects on the growth of children, and indicated that physical and nutritional assessments are important in order to ensure proper growth for children on food avoidance diets.
